This paper seeks to assess the potential use of blocking the lateral cutaneous femoral nerve (LCN) for patients undergoing hip surgery. In this study, ultrasound guidance was used to specifically block the LCN using a small volume of local anaesthetic in 20 healthy volunteer anaesthetists. An orthopaedic surgeon then drew lines on the volunteers reflecting three common cutaneous incision lines (anterolateral, lateral, and posterior approach) for hip arthroplasty using an ultraviolet reflecting pen invisible in normal lighting. The relationship between the anaesthesia produced by this block and the marked incision lines was then assessed. More than half (32 of 60) of the drawn incision lines fell completely outside of the anaesthesia produced by the LCN block. Of the remaining incision lines drawn, most were less than half covered by LCN blockade with only three lines more than 50% covered and none more than 75% covered. The skin anaesthesia produced by LCN blockade was usually anterior and inferior to the surgical lines marked. This significant lack of overlap between common hip arthroplasty incision lines and the anaesthesia produced by blockade of the lateral cutaneous femoral nerve draws into question the utility of this block for hip surgery.
The anaesthetic approach to surgery of the hip has long been a subject of considerable debate [1] [2] [3] . There remains no consensus on how best to provide both perioperative anaesthesia and postoperative analgesia 3, 4 . Systematic reviews of current evidence suggest that no one technique is likely to have a major impact on outcome alone 4, 5 . Many practitioners utilise a combination of techniques including a regional technique.
Regional anaesthesia strategies for hip surgery often involve blockade of the femoral nerve despite the femoral nerve providing little cutaneous coverage to the hip or thigh. A number of authorities -the British Journal of Anaesthesia Continuing Education in Anaesthesia, Critical Care and Pain 6 and New York School Of Regional Anesthesia 7 -recommend approaches to femoral blockade (such as fascia iliaca or lumbar plexus block) that also aim to block the other components of the lumbar plexus such as the lateral cutaneous nerve (LCN) of thigh to improve analgesia. Despite this, it is unclear as to how much the skin incision contributes to postoperative pain. There is at least one randomised controlled trial prospectively registered on a clinical trial registry comparing LCN to femoral nerve block for hip surgery 8 . A variety of regional techniques have been shown to offer improved analgesia compared to simple intravenous opioid analgesia in this setting [9] [10] [11] [12] [13] [14] [15] [16] [17] . There is limited evidence in the literature evaluating regional techniques side-by-side 4, [17] [18] [19] [20] [21] [22] and large randomised controlled trials and systematic reviews have been unable to define the best regional approach 18 .
The advent of ultrasound(US)-guided regional anaesthesia has expanded the opportunity to reliably identify and block the individual nerves around the hip [23] [24] [25] . Although there is some evidence to suggest that augmented femoral nerve blocks improve postoperative analgesia and reduce opioid requirements [9] [10] [11] [12] [13] [14] [15] [16] [17] , little work has been done to assess the contributions of the individual component nerve blocks in isolation 4, 18 . For a regional technique to be useful, the area blocked must correspond to the surgical site. In this study we sought to assess the potential utility of blocking the LCN of the thigh for hip arthroplasty surgery by comparing the mapped cutaneous distribution of US-guided block to the three most common surgical approaches to hip arthroplasty.
METHODS
Ethical approval was granted by the South Metropolitan Health Services Human Research and Ethics Committee (10/187) and the trial was registered with the Australian and New Zealand Clinical Trials Registry (ACTRN12611001274965). Following this, 20 healthy volunteers were recruited from within the Department of Anaesthesia in Fremantle Hospital. Following informed consent, the participants were marked by a consultant orthopaedic surgeon with an interest in hip surgery and then had their LCN of thigh blocked.
The surgeon, who was aware of the nature of the study, was asked to draw incision lines for the three most frequently used approaches for hip surgery on each participant (anterolateral, lateral, and posterior approach) using their standard positioning and technique. The lines were drawn using an ultraviolet, reflective marking pen which was invisible under normal lighting conditions to ensure that study personnel assessing the cutaneous distribution of paraesthesia were blinded to the location of the incision marks.
The participants then had their right LCN blocked under US guidance (M-Turbo Probe: HFL26 13-6 MHz, SonoSite Inc., FujiFilm, Bothell, WA, USA) by a consultant anaesthetist with an interest in regional anaesthesia. Each participant was positioned supine with the right hip exposed. The skin was sterilised with aqueous chlorhexidine and the LCN was identified by scanning in coronal section just medial to the anterior superior iliac spine in a caudal direction over the belly of the sartorius muscle. Once identified, the nerve was approached in plane using a standard 25 gauge needle. Local anaesthetic (5 ml lignocaine, 1%) was deposited around the nerve under visualisation by US. The anaesthetist recorded whether the procedure had been technically easy or difficult. In cases which were technically difficult, the LCN's position on US was confirmed using a cutaneous nerve stimulating device (Braun Stimuplex pen, B. Braun Melsungen AG, Melsungen, Germany) as previously described in the literature 24 . The participant was then allowed to mobilise for 30 minutes before having their block assessed. No participant complained of weakness.
After 30 minutes, each participant had the area of subsequent paraesthesia that developed mapped by a second anaesthetist. This was achieved with the participant positioned supine with the right hip and thigh exposed. Skin sensation was assessed using response to pin-prick sensation. A pin was moved over the skin from the middle to the periphery of the insensate area with consistent pressure in the fashion accepted for assessment of this modality of sensation.
Participants were asked to indicate when the stimulus first changed in nature from dull to sharp as it was moved. This point was taken to represent the edge of the area of nerve blockade and the boundary was marked using a surgical marking pen. This process was repeated until the whole area of paraesthesia had been mapped. An ultraviolet light was then used to illuminate the three incision lines drawn by the orthopaedic surgeon which were then traced over with the surgical marker. The length of each incision line was measured with a tape measure and recorded. The proportion of each incision line that fell within the area of paraesthesia was also measured and recorded and finally a photograph was taken using a digital camera.
Data were recorded and entered into an Excel spreadsheet and analysed using SPSS v.20 (IBM, Armonk, NY, USA). The primary endpoint, the percentage of incision line covered by the block, was continuous in nature but was heavily skewed. The percentage of each incision type covered was analysed with a paired Student's t-test. The data were then categorised for ease of presentation, with categories of incision line coverage of 0%, 1% to 25%, 26% to 50%, 51% to 75% and >75%.
RESULTS
All of the 20 participants reported clinical paraesthesia in the distribution of the LCN with no complications. The procedure was technically difficult in four of the 20 participants (20%) studied, although this was not associated with failure to achieve blockade. Subjectively, there was significant anatomic variation in the distribution of cutaneous paraesthesia amongst the participants studied, although universally, the block had reached its fullest extent by the 30 minute assessment.
Of the total of 60 incisions drawn, 32 (53%) had no overlap with the field of paraesthesia. Ten participants out of 20 (50%) experienced no paraesthesia over any part of the three incision lines marked. The proportion of incision line covered is shown in Figure 1 . No incision was completely inside the mapped area of paraesthesia. The proportional coverage of each incision type is shown in Figure 1 .
The simulated incision lengths were similar, with mean (standard deviation) lengths for anterolateral incision marks of 17.0 cm (2.1), lateral 17.8 cm (2.7) and posterior 18.2 cm (2.1). The mean (standard deviation) percentage of incision coverage of the anterolateral incision marks was 21.3% (24.5), 16 .1% (19.4) for the lateral incision marks and 10.1% (15.7) for the posterior incisions. These differences were all statistically significant with an average antero-lateral incision coverage of 5.1% (0.9, 9.4%, P=0.021) (mean, 95% confidence interval) and 11.2% (4.0, 18.4%, P=0.004) more than lateral and posterior incisions respectively, and percentage of lateral incisions covered 6.0 (0.2, 11.9%, P=0.042) greater than posterior incisions. Figures 2 and 3 are illustrative of the typical relationship observed between the incision lines and the field of paraesthesia with incision lines posterior and superior to the cutaneous distribution of the LCN.
DISCUSSION
This study demonstrates that, although US-guided LCN block can be reliably achieved with small volumes of local anaesthetic, it has little potential to add to analgesia of the skin incision when used in conjunction with common surgical approaches to hip arthroplasty. In this study, half the participants had no wound coverage, and in only less than a handful of the rest of the participants was more than half the skin incision numbed. All of the hip incision lines studied had a significant proximal portion that extended beyond the superior border of the cutaneous distribution of this nerve and many were too posterior to receive any coverage at all.
Although there are no large randomised controlled trials specifically examining different anaesthetic techniques side-by-side, the literature indicates that opioid requirements following hip surgery can be reduced by peripheral nerve blockade [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] 26 . Two studies 10, 19 have demonstrated a reduction in opioid requirements with LCN block versus placebo in hip surgery, although these were both small trials involving fractured femoral neck surgery where large volumes of local anaesthetic (15 ml) were used, raising the possibility that at least some of these patients were getting more than just a LCN block 27 . At least one study has suggested an incremental benefit of LCN blockade over obturator nerve blockade after hip fracture surgery 22 however the surgical approach in this setting is different to elective arthroplasty. The three-in-one block has been shown to be more effective at reducing postoperative opioid use than LCN blockade alone 19 confirming the significant femoral nerve contribution to pain following surgery. Psoas compartment block/lumbar plexus block may be superior to femoral nerve block 21 .
Fascia iliaca block has been shown to be more effective at achieving simultaneous blockade of the LCN (90% versus 60%) and obturator nerve when compared to the three-in-one block, yet this does not translate into a comparative reduction in postoperative pain scores 20 . The evidence available does not support the contention that analgesia following hip surgery is significantly improved by LCN blockade. The lack of significant overlap between common hip surgical incision sites and the distribution of the LCN shown in this study may explain these results in the literature.
A weakness of this small study is that all of the participants were young healthy volunteers. The majority of those undergoing hip surgery are considerably older than the participants of this cohort. It seems highly unlikely, however, that there is a significant change in cutaneous nerve distribution or incision site with age. Another weakness is that this trial only examined the presence and extent of paraesthesia but did not assess pain secondary to a surgical insult. Although the surgeons involved in marking the participants were aware of the nature of the study, there was no interaction between the surgical marking process and the mapping of the cutaneous blockade due to the study design and use of an ultraviolet marker.
The extension to this study is to investigate how much more of the incision lines could be covered by supplemental blockade of the subcostal nerve, that it is likely to innervate the superior portions of incision lines universally missed by the LCN block.
Although LCN blockade may be of questionable benefit in the context of hip surgery, this study reinforces that LCN blockade can be reliably performed under US guidance using small volumes of local anaesthetic 25 . It should be noted however that it can be a technically demanding procedure with US guidance. Although this trial recorded whether each block was difficult to perform, all participants developed a LCN block. In clinical practice, all blocks have a failure rate further limiting the potential utility of this block for hip surgery. Despite this lack of utility for hip surgery, LCN blockade can be clinically useful for surgery within the area of skin innervated, for example split skin graft harvesting 28 .
